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Ipsilateral clavicle and sternoclavicular (SC) physeal
fractures or dislocations are rare injuries. Only 10
cases of double clavicle fractures have been pre-
viously reported in the literature.1,3,5—7,9—13 We
report two additional patients with this complex
injury, each with the characteristic vertical displa-
cement of the medial clavicle1 demonstrated by
three-dimensional computed tomographic (CT)
reconstructive imaging. A novel approach to treat
these uncommon injuries and review of the litera-
ture is also presented.Case reports
Case 1
A 17-year-old right handed male fell onto his non-
dominant left shoulder while snowboarding. There* Corresponding author. Tel.: +1 717 531 4800;
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Open access under the Elsevier OA license.were no other injuries. The patient initially was
seen at an outside institution and transferred to
our facility for definitive treatment. On presenta-
tion, the patient had some tenting of the skin lateral
to the sternum. No shortness of breath or other signs
of airway compromise was noted, nor was there
evidence of neurovascular compromise. Radio-
graphs demonstrated a fracture at the junction of
the middle and proximal third of the left clavicle
with shortening and angulation (Fig. 1). A computed
tomography study with three-dimensional recon-
struction confirmed the complex injury of the med-
ial clavicle fracture and ipsilateral sternoclavicular
physeal fracture. The characteristic 908 or vertical
angulation of the medial clavicle fragment hinged
medially is readily noted (Fig. 2). Operative man-
agement was recommended due to the potential
skin compromise and marked shortening of the cla-
vicle. Closed reduction of the SC physeal fracture
was not felt to be possible with the associated
clavicle fracture. A longitudinal incision based
slightly inferior to the clavicle exposed the complex
injury. The periosteum was stripped medially with
disruption of the medial physeal ligamentous com-
plex. The medial clavicle fragment was hinged on
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Figure 1 AP radiograph of pre-operative injury demon-
strating fracture of the medial clavicle and disruption of
the ipsilateral sternoclavicular joint with hinging at the
level of the physeal fracture.
Figure 2 Three-dimensional reconstruction MRI demon-
strating the double clavicle fracture pattern.
Figure 4 Three-dimensional reconstruction MRI of
patient with right double clavicle fracture.the remaining intact portion of the ligamentous
complex, and the SC physeal fracture; the ligamen-
tous hinge providing the fulcrum to easily reduce the
medial physeal fracture. The clavicle fracture was
reduced and internal fixation was used with a five-
hole locking plate with combination holes, using two
unicortical locking screws on the medial fragement
and compression across the clavicle fracture usingFigure 3 Post-operative radiograph of the left double
clavicle fracture with locking plate fixation.three cortical screws (Fig. 3). The SC ligamentous
complex was repaired with heavy absorbable
sutures. A shoulder immobilizer was used for six
weeks. The fractures went on to uneventful healing
without complications. The patient regained full
range of motion his left shoulder girdle and returned
to full activities.
Case 2
A 15-year-old male who was pushed down onto his
dominant right shoulder during an altercation.
Radiographs revealed fractures of both the medial
clavicle shaft and the medial SC physis. The medial
clavicle was rotated vertically in the coronal plane.
A 3D reconstructive CT scan was obtained which
underscored the complex double clavicle fracture
pattern of injury (Fig. 4). The patient did not have
any signs of vascular or pulmonary compromise at
the time of presentation. Tenting of the skin adja-
cent to the fracture was noted. Intra-operative
exposure of the fractures demonstrated similar
pathoanatomy to Case 1, with periosteal stripping
medially, disruption of the medial SC physeal liga-
mentous complex, and hinging of themedial clavicle
fragment through intact ligaments anteriorly. The
SC physeal fracture was easily reduced with the
intact ligamentous hinge. The small size of the
medial clavicle fragment represented an anatomical
constraint for internal fixation options, and a locking
reconstruction plate with combination holes was
selected. The SC ligamentous complex was repaired
with heavy absorbable sutures. The fractures and
wound went on to uneventful healing without com-
plications. At 6 month follow-up, the patient had no
complaints of pain or hardware irritation, and had
regained full range of motion of his right shoulder.Discussion
Ipsilateral sternoclavicular physeal fracture or dis-
location with an adjacent clavicle fracture is an
uncommon injury. Proximal physeal injuries alone
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Table 1 Literature review of double clavicle fractures
References Age (years) Mechanism Treatment
Allen and Zielinski 1 13 Football AO/ASIF recon plate
Elliott 3 22 Rugby NO reverse triangular sling
Hardy5 7 Thrown from Horse NO orthoplast spica
Kanoksikarian et al.6 19 Rugby Intramedullary pin
Lemire and Rosman7 15 Hockey Figure 8 suture repair
Nakazato et al. 9 Newborn Birth injury Open reduction, suture
O’Neill et al. 10 16 Lacrosse NO sling
Rockwood11 16 Not described Medial fragment lost, suture
Tanlin12 19 Bicycle K wire and steel cerclage wire
Thomas and Friedman13 28 MVA 3.5 mm ASIF/AO recon plate
NO, non-operative.account for less than one percent of all clavicle
fractures.11 Physeal fractures of the medial end of
the clavicle may easily be misinterpreted as a dis-
location due to the fact that the proximal clavicular
physis is the last one to close with its diaphysis
between the ages of 23 and 25 years.11 The physis
is more vulnerable to injury than the adjacent SC
joint with its strong capsular ligaments and intra-
articular disk.11 When isolated, each injury by them-
selves may often be treated symptomatically with
conservative measures.
An extensive literature search for double clavicle
fractures involving the SC joint noted 10 reported
cases (Table 1). The majority of these injuries
occurred in patients between the ages of 13 and
22 years, and during athletic events. Nakazato
et al.9 reported an unsual case of a newborn who
sustained a double clavicle fracture during delivery,
which required an open reduction of the medial
clavicle end that had displaced into the mediasti-
num. At the other end of the age range, Thomas and
Friedman13 reported a 28-year old male who had
sustained a mid-clavicle fracture with SC disloca-
tion, and a partial brachial plexus injury. This case
likely represents a true joint dislocation, and not an
unrecognized physeal fracture.
The mechanism of injury for double clavicle
fractures is unknown. Direct and indirect forces
applied to the shoulder have been described. The
mechanism of injury in our two patients was due to a
presumed direct fall on the involved shoulder. Tho-
mas and Friedman proposed two sequential forces
producing both injuries simultaneously, suggesting
that it is unlikely that a single force could produce
both injuries. Sustaining one or the other of these
injuries would allow enough dissipation of energy to
prevent the second injury.13
Both of the our patients demonstrated the char-
acteristic pattern of injury initially described by
Allen and Zielinski,1 in which the medial fragment
is rotated 908 in the coronal plane, stripped of itsperiosteum, and the posterior physeal ligamentous
complex disrupted posteriorly. The medial clavicle
fragment hinges on the intact ligaments, which
facilitates reduction of the physeal fracture or joint
dislocation. In addition to the patient described in
their case report, the authors reviewed three other
reported cases with similar pathological find-
ings.1,6,7,11 All four of these patients were treated
open. In both of our patients there was tenting of
the overlying skin and marked shortening of the
clavicle. This complexity of injuries mandated
operative intervention. Closed reduction generally
is unsuccessful as the free-floating medial clavicle
fragment cannot be controlled. There is also a con-
cern for increased risk to the adjacent lung and
vascular structures.
Computed tomography has been recognized as an
ideal imaging study to visualize injuries to the med-
ial end of the clavicle, either SC joint dislocations or
physeal fractures.8 Adjacent anatomical structures
to the SC joint at risk for injury such as the great
vessels and the trachea are also best evaluated in
these transverse plane images. The use of three-
dimensional CT reconstructive images as shown in
Figs. 2 and 4 were helpful in delineating this com-
plexity of injuries.
The treatment of these injuries depends upon the
extent of the injury. Three of the cases reported in
the literature were managed non-operatively.3,5,10
In each of these cases, there was minimal disruption
of the SC injury. The other reported cases described
different methods of internal fixation, ranging from
suture repair, intramedullary pins, and reconstruc-
tive plates.1,6,7,9,11—13 The small medial clavicle
fragment in our two patients presented a challenge
for options of internal fixation due to its anatomical
constraints. We elected to use the recently intro-
duced locking plates with combination holes in both
of our patients. This enabled us take advantage of
both bridging and compression principles of internal
fixation.2,14 The fixed angle construct created by the
450 L.S. Segal et al.locked screws enabled fixation of the small medial
clavicle fraction, the length ofwhich only allowed for
one or two screws at most.4 The locking plates also
provide the option of using unicortical screws on the
clavicle, minimizing the risk of injury to underlying
neurovascular structures. Both of our patients had
excellent outcomes at last follow-up. There were no
complications, the plates were not prominent or
symptomatic, and each patient had full and painless
shoulder range of motion. Each patient was released
to full activity without restrictions.
In conclusion, the rare complex injury of ipsilat-
eral clavicle and SC physeal fractures may have a
characteristic clinical and radiographic pattern.
With the addition of the two patients reported in
the paper, the majority of patients described in the
literature were adolescents, sustained their injury
during athletic events, and their radiographs
demonstrated 908 rotation of the medial clavicle
fragment in the coronal plane. These injuries all
have required open treatment. Locked plating is a
viable treatment option in this uncommon injury.References
1. Allen Jr BF, Zielinski CJ. Posterior fracture through the
sternoclavicular physis associated with a clavicle fracture:a case report and literature review. Am J Orthop
1999;28(10):598—600.
2. Egol KA, Kubiak EN, Fulkerson E, et al. Biomechanics of
locked plates and screws. J Orthop Trauma 2004;18:488—93.
3. Elliott AC. Tripartite injury of the clavicle. S Afr Med J
1986;70:115.
4. Haidukewych GJ. Innovations in locking plate technology.
JAAOS 2004;12(4):205—12.
5. Hardy JRW. Complex clavicular injury in childhood. J Bone
Joint Surg 1992;74B:154.
6. Kanoksikarin S, Wearne WM. Fracture and retrosternal dis-
location of the clavicle. Aust N Z J Surg 1978;48:95—6.
7. Lemire L, Rosman M. Sternoclavicular epiphyseal separation
with adjacent clavicular fracture. J Pediatr Orthop
1984;4:118—20.
8. Levinsohn EM, Bunnell WP, Yuan HA. Computed tomography in
the diagnosis of dislocations of the sternoclavicular joint.
Clin Orthop 1979;140:12—6.
9. Nakazato T, Wada I, Tsuchiya D, Sugimura I, Tomita H, Matsui
N. Clavicle fracture and posterior sternoclavicular disloca-
tion in a newborn. Orthopedics 2001;24(12):1169—70.
10. O’Neill PJ, Cosgarea AJ, McFarland EG. Unusual double
clavicle fracture in a lacrosse player. Clin J Sport Med
2000;10(1):69—71.
11. Rockwood Jr CA. Subluxations and dislocations about the
shoulder. In: Rockwood Jr CA, Green DP, editors. Fractures
in adults. Philadelphia, PA: Lippincott; 1984. p. 910—48.
12. Tanlin Y. Ipsilateral sternoclavicular joint dislocation and
clavicle fracture. J Orthop Trauma 1996;10:506—7.
13. Thomas Jr CB, Friedman RJ. Ipsilateral sternoclavicular dis-
location and clavicle fracture. J Orthop Trauma 1989;3:355—
7.
14. Wagner M. General principles for the clinical use of the LCP.
Injury 2003;34:S-B31—42.
